We describe the first species of Parabathynellidae discovered in Germany and assign the new species to Parabathynella due to its fivesegmented antenna, the structure of the male thoracopod VIII, and the uropodal endopod bearing one basal plumose seta and a terminal spine. This new species, P. badenwuerttembergensis, differs largely from its congeners in its large body size, the rich number of ornaments on appendages (antennules, antenna, mouthparts, thoracopods I-VII, uropod), and of segments of appendages (exopod of thoracopod I-VII); these suggest a basal position of a new species within the genus. A two-segmented female thoracopod VIII with three apical setae, the feature of the male thoracopod VIII, and the possession of setae along both the inner and the outer margin of the uropodal exopod lead us to discuss the possible inclusion of Montanabathynella salish Camacho et al., 2009, into Parabathynella. Based on its own apomorphic characters Montanabathynella is maintained as a separate genus having a close relationship to Parabathynella.
INTRODUCTION
Ground water is the second largest freshwater resource behind that in glaciers (Schink, 1999) , and it also belongs to the most expanded ecosystems on earth. Due to the absence of light, plants are lacking in the subterranean ecosystem, which is nevertheless populated by a rich and fascinating fauna. A typical component of this stygofauna is Parabathynellidae, which can be found almost everywhere, if searched for, along with its sister group Bathynellidae. Today, there are 173 species in 43 genera known from all continents except Antarctica (Schminke, 2011) . The number of species will continue to grow at a rate well beyond the current level (Camacho and Valdecasas, 2008) , since ground water remains unexplored in many countries. As an example, 29 species have recently been discovered in the Australian subterranean biotopes alone (see Cho, 2005; Cho et al., 2005 Cho et al., , 2006 Hong and Cho, 2009; Camacho and Hancock, 2010, 2011; Cho and Humphreys, 2010) . In Australia, for example, the study of this fauna has just begun, which is why a significant increase in the number of parabathynellid species can be expected in the near future (Humphreys, 2008; Guzik et al., 2011) .
On the other side of the globe -in Germany -the study of the stygofauna has a long tradition so that a great diversity of groundwater fauna is already known, even though its diversity is underestimated (Schminke, 2007) . As for Bathynellacea, the number of species is likely to have reached a plateau in Germany because several comprehensive surveys since 1939 have yielded only seven * Corresponding author; e-mail: joolae@korea.kr species of Bathynellidae. It is in these surveys that the discovery of the first parabathynellid from Germany is reported.
However, this is not the only reason why this new species is of some interest. It belongs to Parabathynella Chappuis, 1926 , the type genus of the family, which so far includes three species: P. stygia Chappuis, 1926; P. phreatica Chappuis, 1939; and P. motasi Dancau and Serban, 1963 . Unfortunately, the description of the type species, P. stygia, is based on three immature specimens and the status of its congeners is still under debate (Delamare Deboutteville and Chappuis, 1954; Mestrov, 1957; Dancau and Serban, 1963; Brtek, 1964; Botosaneanu, 1971; Schminke, 1973) . The original descriptions of P. stygia and P. phreatica are not detailed enough by modern standards to allow for a proper comparison. Hopefully, the description of the new species will fill this gap.
MATERIAL AND METHODS
The material was collected from a monitoring well (siteno. 377/561-2) in Weinstadt (Rems-Murr county), 20 km east of Stuttgart, capital of the German federal state of Baden-Württemberg. Due to data privacy protection, only the official numbers of the wells, but not the geographical coordinates, are published here. The coordinates can be requested from the responsible authority: Landesanstalt für Umwelt, Messungen und Naturschutz Baden-Württemberg (LUBW), Karlsruhe. The species was also found at two other wells (site-no. 80/507-3 in Dahendorf and, 15 km west, site-no. 725/508-6 in Böllinger Höfe near Biberach) situated around 50 km north of the type locality.
Oxygen contents and pH values of the well were always higher than 5.5 mg/l and 7.0, respectively. Animals were sampled using haul-nets (so-called net samplers, 74 μm mesh size, 45 mm diameter). Net samplers are plankton nets suitable for monitor sampling of wells. A weighted net with a vial screwed on its distal end was lowered into the wells and then hauled ten times for a distance of 1 m, also stirring the sediment. The well is typically cased with PVC pipes and slotted to allow ingress of water into the tube.
Samples were prepared and mounted in a mixture of glycerin-formalin. For drawing and investigation, a Nikon Eclipse E600 microscope with differential interference contrast equipment was used with oil immersion. The type material of the new species herein described is deposited as permanent slide preparations in the collection of the National Institute of Biological Resources, Korea (NIBR).
SYSTEMATICS
Parabathynellidae Noodt, 1965 Parabathynella Chappuis, 1926 Revised Diagnosis of the Genus.-Small to moderate size. Body elongated and cylindrical. Antennule seven-segmented. Antenna five-segmented. Labrum flat, homodont. Mandible with incisor process of four and more teeth, molar process lobe with row of five and more spines and palp with one apical seta. Maxilla three-or four-segmented. Thoracopods I-VII with two-or multi-segmented exopods (up to seven segments).
Male thoracopod VIII: protopod massive, protruded inner distally; epipod conical, with round tip, reaching penial region; basis cylindrical, rectangular to trapezoidal, with a seta; anteriorly recurved exopod crescent-shaped to semilunar in lateral view, with tiny subterminal spinules; endopod with two distal setae. Female thoracopod VIII two-segmented; distal segment with three terminal setae. Pleopods absent.
Uropod: sympod with numerous (up to 18) spines; distal spine significantly larger than other spines slightly increasing in size proximally; endopod fused with distal stiletto-like spine; exopod with setae along both inner and outer margins. Anal operculum flat to concave. No setae on pleotelson. Furcal rami elongated, with two distal large spines and numerous (up to 15) spines along inner margin.
Parabathynella badenwuerttembergensis n. sp.
Figs. 1-5 Type Material.-Holotype: male, dissected on eight slides, Weinstadt (Rems-Murr county), 20 km east of Stuttgart, the capital of the German federal state of Baden-Württemberg. Due to data privacy protection, only the official numbers of the wells, but not the geographical coordinates, are published here. The coordinates can be requested at the responsible authority: Landesanstalt für Umwelt, Messungen und Naturschutz Baden-Württemberg (LUBW), Karlsruhe. coll. National Institute of Biological Resources, Incheon (NIBR IV0000160725).
Allotype: Adult female, dissected on five slides, same data as holotype (NIBR IV0000160726). Paratypes: Two females, same data as holotypes, one female paratype (NIBR IV0000160727) dissected on five slides, other female paratype (NIBR IV0000160728) as a whole specimen on a slide.
Other Localities.-The species was also found at two other wells (site-no. 80/507-3 in Dahendorf and, 15 km west, siteno. 725/508-6 in Böllinger Höfe near Biberach) situated around 50 km north of the type locality.
Description of Adult Male (Holotype).-Body elongated and cylindrical, length 2.42 mm, approximately 13 times as long as wide (Fig. 1A) .
Antennule (Fig. 1C) seven-segmented. First segment with one seta on inner distal margin, with two simple dorsal setae and with four plumose setae. Second segment with a group of four plumose setae, with one simple seta on inner margin and with one ventral seta. Third segment with three outer lateral setae including one plumose seta, with two setae on inner margin and with two ventral setae. Inner flagellum of third segment with three simple setae. Fourth segment with one stub seta and one plumose seta on dorsal margin, and with two stub setae and two plumose setae on outer distal apophysis. Fifth segment with three setae on inner margin and with two aesthetascs and one seta dorsally. Sixth segment with three setae on inner margin and with a dorsal group of two aesthetascs, one simple seta and one additional aesthetasc lateral to simple seta. Seventh segment with three subterminal aesthetascs and four simple setae.
Antenna (Fig. 1D ) five-segmented, as long as antennular segments 1-4 combined. Setal formula: 0 + 0/0 + 0/1 + 0/1 + 1/4(1).
Labrum (Fig. 1E ) flat with thirteen median teeth of more or less similar size flanked by two (left) or three (right) smaller teeth on each side. Ventral surface with numerous combs of ctenidia, and group of three teats on both sides. Mandible ( Fig. 1F ) with incisor process of four teeth. Penultimate tooth bifurcated terminally. Tooth of ventral edge triangular. Lobe with row of eight spines. Palp of one long segment, with one apical seta.
Maxillule ( Fig. 2A) two-segmented. Proximal endite with four setae on inner margin. Distal endite with two terminal smooth and seven dentate spines along inner edge, three simple setae on outer margin. Maxilla (Fig. 2B ) four-segmented, setal formula 2-5-12-8. Thoracopods I-VII (Figs. 2C-E, 3A-C, 4E). Thoracopods I-IV increasing in size posteriorly. Thoracopods IV-VII similar in size. Thoracopods II-VII each with one epipod on protopod. Basis of thoracopods I-VI with two setae, while that of thoracopods VII with one seta. Number of exopodal segments of thoracopods I-VII: 3-5-6-7-7-6-6. Most distal segment of exopod with two barbed seta. Endopod of thoracopods I-VII 4-segmented, setal formulae:
Th. I 3 + 1/3 + 1/3 + 1/3(1) Th. II 0 + 1/4 + 1/4 + 1/3(1) Th. III, IV 0 + 1/4 + 1/3 + 1/3(1) Th. V 0 + 1/4 + 1/4 + 1/3(1) Th. VI 0 + 1/4 + 1/3 + 1/3(1) Th. VII 0 + 1/3 + 1/2 + 1/3(1) Thoracopod VIII (Fig. 4A-C ) more or less oval in lateral view, twice as long as wide. Protopod massive, with promi- nent penial region bearing terminal opening without teeth. Outer lobe (= epipod) conical, rounded terminally, distal part barely reaching penial region of protopod. Basis as big as penial region, with one seta, inner margin of basis not drawn out. Exopod half as long as basis, semilunar in lateral view, with three subterminal setae. Endopod half as long as exopod, with two terminal setae.
First pleopod (cf. Fig. 1B ) absent. Uropod ( Fig. 5A ) with 18 spines of different size along inner margin of protopod. Most distal spine twice as big as other spines, increasing slightly in size proximally. Exopod 75% as long as protopod, with totally 10 setae: one basi-ventral seta, two terminal setae, four setae along outer margin and three additional setae along inner margin. Endopod as long as exopod, fused with inner spine to dagger-like structure, with one dorsal plumose seta near base, with two terminal setae and one subterminal plumose seta on outer margin.
Pleotelson (Fig. 5A, C) . Without seta near base of each furcal ramus on both sides. Anal operculum concave.
Furcal rami (Fig. 5A, C) . Twice as long as wide, with two large terminal spines, nine (left) and eight (right) additional spines along inner margin, with two dorsal plumose setae.
Description of Female (Allotype).-Body length (Fig. 1B) 2.27 mm. Identical with male except for following characters:
Thoracopods I-VII: Basis of thoracopods I, VI, and VII with one seta, that of thoracopods II-V with two setae. Number of exopodal segments of thoracopods I-VII: 3-5-5-6-6-5-5. Setal formulae of endopods of thoracopods I-VII:
Th. I 2 + 1/3 + 1/3 + 1/3(1) Th. II-VI 0 + 1/3 + 1/3 + 1/3(1) Th. V 0 + 1/3 + 1/2 + 1/3(1) Th. VI 0 + 1/2 + 1/2 + 1/3(1) Th. VII 0 + 1/3 + 1/2 + 1/3(1) Thoracopod VIII (Fig. 4D) two-segmented; proximal segment with two teeth; distal segment with three terminal setae.
Uropod (Fig. 5B ) with 16 spines on protopod. Both furcal rami with eight spines on inner margin.
Etymology.-The species name is derived from the German federal state of Baden-Württemberg, the leading state in applied groundwater research in Germany.
DISCUSSION
The most remarkable traits of the new species are, among others: 1) a type of male thoracopod VIII with a conical epipod barely reaching the penial region, with a cylindrical basis having a terminal seta and with an anteriorly recurved exopod; 2) a two segmented female thoracopod VIII with three apical setae; 3) an uropodal exopod bearing setae along both the inner and outer margin; 4) absence of the first pleopod; 5) inhomonomous spines on the uropodal protopod, where the most distal one is the biggest; and 6) the absence of setae on the pleotelson. Within Parabathynellidae, such a character combination, especially that of 1), 2), and 3), is confined to the genera Parabathynella Chappuis, 1926 and Montanabathynella Camacho et al., 2009 . Hence, any attempt at finding the right phylogenetic position for the new species is faced with two alternatives: the new species might belong to either Parabathynella, or Montanabathynella.
As already mentioned earlier, the original descriptions of P. stygia is based on immature specimens and that of P. phreatica is not detailed enough for a comparison with the new species. Brtek (1964) , who synonymizes P. phreatica with P. stygia, provides a full description of P. stygia. Unfortunately, however, his material from east Slovakia is not topotypic (East Serbia), so that it is not clear whether Brtek's description really represents P. stygia. Dancau and Serban (1963) were faced with the same problem when recording material from Romania and because of this uncertainty decided to describe their taxon as a new species, Parabathynella motasi. Parabathynella motasi is used here for a morphological comparison with Montanabathynella because there are two descriptions of it including a very detailed redescription by Serban (1972 Serban ( , 1994 . As to Montanabathynella, the original description by Camacho et al. (2009) of M. salish is used here.
The new species is similar to M. salish in having a foursegmented maxilla (three-segmented in P. motasi), multisegmented exopods of thoracopods I-VII (two-segmented in P. motasi), teeth on the proximal segment of the female thoracopod VIII (without teeth in P. motasi) and a basi-ventral seta on the uropodal exopod (absent in P. motasi), to name just a few. All these features common to the new species and M. salish are interpreted here as being plesiomorphic because of the richness in setae, teeth and spines. Accordingly, assignment of the new species to Montanabathynella would be based on plesiomorphic characters, rendering this genus paraphyletic.
Characters common to the new species and Parabathynella motasi are the five-segmented antenna, the male thoracopod VIII with 3 setae on the exopod (without setae in M. salish, although in Fig. 3E in Camacho et al. (2009) there is an indication of a spine not mentioned in the text) and with a smooth penial region (dentate in M. salish) (see Serban, 1972, plate 57) , the uropodal endopod having only one basal plumose seta and a terminal spine (two plumose setae and five spines in M. salish). When compared with M. salish, all these characters can be interpreted as being derived and thus as synapomorphies of the new species and P. motasi. Hence, P. badenwuerttembergensis is accommodated here in Parabathynella, although it is quite different from its congeners in its large body size, the rich number of ornaments on appendages (antennules, antenna, mouthparts, thoracopods I-VII, uropod), and of segments of appendages (exopod of thoracopod I-VII). Such conditions are only known from the primitive species of the family suggesting a basal position of the new species within the genus, unless the current viewpoint (Schminke, 1973) on the phylogeny of parabathynellids is refuted.
Consequently, one might ask if Montanabathynella can be maintained as a separate genus in the sense of phylogenetic systematics. The uniqueness of the three characters already mentioned (the feature of male thoracopod VIII, the two segmented female thoracopod VIII, and the setation of uropodal exopod) implies the inclusion of M. salish into the genus Parabathynella along withour new species, P. badenwuerttembergensis. However, the two segmented female thoracopod VIII and the possession of setae along both the inner and outer margin of the uropodal exopod are not apomorphic, and thus could not be designated as synapomorphies of Parabathynella sensu lato, including M. salish. The rejection of Montanabathynella based on the similarity in male thoracopod VIII is not convincing, insofar as some separate genera do not differ from each other in the form of male thoracopod VIII (examples: globular form in Iberobathynella Schminke, 1973 and Texanobathynella Delamare Deboutteville, Coineau, and Serban, 1975; hemispherical form in Kimberleybathynella Cho, Park, and Humphreys, 2005 and Atopobathynella Schminke, 1973 ; rectangular form in Billibathynella Cho, 2005 and Brevisomabathynella Cho, Park, and Ranga Reddy, 2006) . Quite the contrary, some characters of M. salish are apomorphic when compared with those of the new species: molar process of seven spines (eight in the new species); absence of epipod in thoracopod 2 and 3 (presence in the new species), with less setae on the endopod of thoracopods I-VII; and 15 spines on the uropodal sympod (18 in the new species). Along with two plesiomorphic characters (the 6-segmented antenna and the possession of four inner spines on uropodal endopod), these apomorphies are sufficient to argue for a genus; Montanabathynella is there-fore recognized here as a separate taxon but which has a close relationship to Parabathynella. This viewpoint on the relationship of two genera is different from that of Camacho et al. (2009) , who pointed to similarities between M. salish to Australian (Billibathynella, Brevisomabathynella, and Notobathynella Schminke, 1973) as well as Asian genera (Issykkulibathynella Serban, 1994 , Paraeobathynella Camacho, 2005 , Sketinella Camacho, 2005 , and Sinobathynella Camacho et al., 2006 .
